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(54) Improved patient/nurse call system 

(57) The invention relates to 

a patient/nurse call system for a hospital compris- 
ing: 

a plurality of transmitters, each transmitter adapted 
to periodically transmit a pulse-coded infrared sig- 
nal; 

a plurality of patient stations, each patient station 
being located in a patient room in the hospital and 
including a receiver to receive and validate a pulse- 
coded infrared signal from any of the transmitters 
and generate a corresponding transmitters identifi- 
cation signal; 

a signal processor operatively connected to the 
patient stations to receive each of the transmitter 
identification signals and to generate a signal pair 
comprising the transmitter identification signal and 
a respective location identification signal, the loca- 
tion identification signal being representative of the 
location of the patient station which received the 
transmitter identification signal; 
a master station operatively connected to the signal 
processor and adapted to receive and store the sig- 
nal pairs in a memory so that at any time the signal 
pairs can be retrieved from memory to determine 
the locations of the transmitter; and 
a recorder operatively connected to the master sta- 
tion for generating reports on the locations of the 
transmitters over an extended period of time, 



whereby the master station continues to store each 
transmitter at a location which corresponds to the 
last received and validated pulse-coded signals 
from that transmitter, until a subsequent pulse- 
coded signal from that transmitter is received and 
validated at a different patient station. 
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Description 

Field of the Invention 

5 [0001] This invention relates to a hospital communication system, and more particularly, to a user friendly 
patient/nurse call system with enhanced operational capability. 

Background of the Invention 

io [0002] Nurses and other staff in a hospital ward or hospital wing must work under varying conditions, which include 
high pressure, stress and long hours. These caregivers must remain alert to respond to patient needs, in emergency 
and nonemergency situations. Due to economic practicalities and the ever-increasing costs of medical care, it is nec- 
essary to make the most efficient use of nurses and staff on call in a hospital wing, particularly at night when nurse and 
staff levels are maintained at a minimum. 

is [0003] On the other hand, a desire to optimize the efficiency of nurse and staff personnel is of secondary importance 
relative to the primary objective, that of providing a high level of medical care. If nurse and staff levels are reduced for 
the sake of efficiency without any corresponding simplification of duties and responsibilities, the level of patient care will 
decrease. 

[0004] It is one primary objective of this invention to maximize the efficiency of nurses and staff on call in a hospital 
20 wing, but to do so in a manner which does not increase the work load or stress levels of these professional caregivers. 

[0005] One approach to maximizing the efficiency of nurses and other hospital staff involves the use of a location and 

identification system to continuously monitor the locations of these persons. For instance. White U.S. Patent No. 

4,275,385 discloses a personnel locating system where individuals to be located wear infrared transmitters, and each 

transmitter transmits a pulse-coded signal which corresponds to the identity of the wearer. This information is relayed 
25 and displayed at a central control unit. This information may also be displayed at remote terminals, used to lock 

restricted-access equipment or locations, or conveyed via a telephone interface to a telephone switching network to call 

the nearest telephone or to page the transmitter wearers. 

[0006] Thus, to contact the transmitter-wearers, White requires that the location system interconnect with the tele- 
phone system and/or a paging system. This required interaction with another communication system increases the cost 

30 and complexity of interacting with the located personnel, due to the need for interfacing components. It also requires 
that personnel to be located either wear a receiving device, such as a pager, or that they be near a telephone. 
[0007] A number of other U.S. Patents also disclose personnel locating or monitoring systems which purport to 
improve upon the system disclosed in the White patent. However, these improvements relate to the mechanics of signal 
detection, or the organization, maintenance and retrieval of stored information for making reports. These patents do not 

35 disclose use of a location system in a manner which helps nurses and staff do their jobs more efficiently and more effec- 
tively. 

[0008] It is another objective of this invention to improve the overall effectiveness of a hospital personnel locating sys- 
tem so that the system directly benefits nurses and staff by increasing efficiency and effectiveness. 
[0009] Almost every hospital wing or ward has a patient/nurse call system which includes an audio network to allow 

40 a patient in a hospital room to contact and speak with a nurse or staff member at a nurse station. Typically, the patient 
may activate a "call" signal by depressing a button on a small housing connected via hardwire to a unit mounted to the 
headwall of the patient room. This small housing is generally referred to as a pillow speaker, or pillow unit. The headwall 
unit usually has another wall-mounted call button for easy operation by a nurse. Other input mechanisms may include 
emergency call buttons, code blue buttons, or bathroom call buttons. Additionally, the audio network of these call sys- 

45 terns may be used for audio monitoring of a hospital room from the nurse station during an extreme emergency, such 
as a code "blue" status. 

[0010] Hospitals also include emergency signaling devices for notifying hospital personnel of other types of emer- 
gency conditions, such as smoke detectors or a fire alarm. Typically, these devices generate audio signals to convey 
audible alarms over a hospital intercom system, which may or may to be interconnected with the patient room audio 
so network. 

[0011] Some hospitals use bed monitoring devices with bed sensors which indicate bed conditions.such as "brakes 
on", mattress firmness (for inflatable mattresses), or incontinence. 

[0012] The duplicity of these call and information systems in a hospital complicates the organization, maintenance 
and effective dissemination of all of the useful information that is generated. If these systems cannot be operated in a 
55 simple, user-friendly manner, they can add to the stress level of nurses and staff. As a result, their jobs are made more 
difficult, rather than easier. 

[0013] Additionally, use of multiple call and information systems in a hospital adds to the costs of health care, due to 
costs associated with purchase, installation and maintenance of the various components of these multiple systems, 



2 



EP 0 969 431 A1 

along with training personnel how to use the system. 

[0014] It is another objective of this invention to expand the operational capability of a patient/nurse call system. 
[0015] It is still another objective of the invention to simplify interaction with and information retrieval from a hospital 
communication system, thereby to reduce stress levels of nurses and staff. 
5 [001 6] It is still another objective of this invention to eliminate duplicity in communication systems used within a hos- 
pital, thereby to reduce the costs of purchase, installation and maintenance of the components of multiple systems, 
along with reducing the costs associated with training hospital staff in the use of multiple systems. 
[001 7] It is still another objective of this invention to assist nurses and staff in achieving optimum efficiency in a hos- 
pital wing. 

io [001 8] The above-stated objectives are achieved with an improved patient/nurse call system which generates and pri- 
oritizes all types of hospital calls and facilities answering of these calls from any one of a plurality of nurse stations or 
patient room stations in a hospital wing. The system has the capability of visually displaying all calls at any station, 
including stations located in the patient rooms, thereby to facilitate the dissemination of call information and to expedite 
responding to the calls. 

15 [001 9] Each patient room station interconnects to a plurality of input devices for generating the different calls used in 
a typical hospital, such as SMOKE ALARM, CODE BLUE, STAFF EMERGENCY, etc. These calls include patient-gen- 
erated, nurse-generated or automatically generated calls. Calls may also be generated at one or more of the nurse sta- 
tions. 

[0020] The calls are forwarded to a master station, which prioritizes the calls according to status and time received. 
20 Outside of each patient room, in the hall, a hall unit mounted above the doorway displays an indication that a call has 
originated from the room. The hall units connect directly to the patient room stations. 

[0021] Each patient room station preferably has a display and selection controls to allow retrieval and display of all 
calls. Thus, after responding to a call in a first patient room, a nurse at that patient station can retrieve and display the 
remaining calls and then respond to the highest priority unanswered call. 
25 [0022] The system also provides for audio interconnection between any two stations. This audio interconnection 
capability, along with the display of unanswered calls, facilities oral communication among nurse, hospital staff and 
patients, thereby promoting efficiency in responding to calls. 

[0023] Preferably, the nurses on duty in the hospital wing wear nurse locator badges, and these badges transmit 
pulsed-coded infrared signals to receivers operatively connected to the patient stations. In response, the patient sta- 

30 tions generate corresponding identification signals unique to the wearer of the badge. The system then couples each 
identification signal with a location signal to form a signal pair, with the identification signal corresponding to the patient 
station of receipt. The signal pairs are automatically downloaded and stored at the master station. 
[0024] This nurse identification and location information may be displayed at the master station, or at any of the other 
stations. This allows a person at any station to visually display the identifications and locations of the nurses on duty in 

35 the wing, in addition to unanswered calls. This combination of display features optimizes the communication capabilities 
among nurses, hospital staff and patients in a hospital wing. Thus, rather than serving primarily as a nurse monitoring 
system, as in some prior nurse locating systems, this system facilitates communication among nurses and staff and 
optimizes information flow to nurses and staff in a simple, user-friendly manner, thereby increasing efficiency and effec- 
tiveness. 

40 [0025] In conjunction with the nurse locator badges, the system also provides for automatic cancelling of a patient 
call, and automatic cancelling of the visual display of the call by the respective hall unit, after a nurse wearing a badge 
is sensed by the respective patient station. Receipt of a nurse signal does not cancel higher priority calls, such as 
CODE BLUE, BATHROOM call. Preferably, a visual indicator at each patient station indicates that a call has been 
received. The respective hall unit also visually displays nurse presence within the respective patient room. 

45 [0026] In another mode, referred to as "nurse follower", a patient call generated from a patient room is automatically 
signalled audibly to the nurse assigned to that room, wherever the nurse is located. In short, the patient-placed call "fol- 
lows" the nurse. This allows the nurse to immediately initiate an audio conversation with the patient to assess the impor- 
tance of the call, without requiring the nurse to leave the room he or she is already in. 

[0027] According to a preferred embodiment of the invention, an improved patient/nurse call system for a hospital 
so wing includes a master station, a plurality of patient stations, (although referred to as "patient" stations, these stations 
may also be located in nurse or staff areas) and nurse-worn transmitter badges. A private branch exchange (PBX) sys- 
tem interconnects the master station and the other stations, and each room has an intra-room network. The intra-room 
network includes a hall unit mounted in the hall way and at least one patient station, at least one receiver, and inputs 
for generating digital signals related to calls or bed status information. 
55 [0028] The master station provides communication capabilities for the other stations. It receives, stores and sends 
call information, instructions and status messages from the stations, and it controls and monitors all aspects of the sys- 
tem. The master station includes a console with a display, a control wheel and a handset. The master station further 
includes a personal computer with memory capacity for storing hospital calls and nurse location and identification infor- 
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mation generated by the system. 

[0029] Each patient station in a hospital room is associated with a single patient bed, although the system could also 
be configured so that each station would accommodate multiple beds. Each patient station includes a wall-mounted 
housing with a control wheel, a display, call generation/cancellation buttons, indicating lights and an audio speaker. 
5 Nurses at a patient station can readily retrieve stored, unanswered calls or nurse location information from the master 
station by operation of the user-friendly control wheel and display. 

[0030] The private branch exchange operates as a voice/data switching system for establishing audio links and data 
distribution between the master station and the other stations. The master station interconnects with the PBX via an 
RS-232 serial data line, and the PBX interconnects with each patient station via a twisted pair telephone line. The net- 
io work for the system is basically a telephone network which provides synchronous, full duplex, voice and data commu- 
nications between any two patient stations or between any patient station and the master station. It also allows two way 
audio links or connections between multiple pairs of stations. The PBX is a transparent device from the standpoint of 
signal content and interaction. It simply provides an audio and data communications link between any two stations upon 
request. 

is [0031] Each interaction between a patient station and the PBX is actually routed through an input/output board ded- 
icated to the patient room in which the station is located. This I/O board routes all signals to or from the patient room, 
including generation of calls by input devices, display of calls at the hall unit associated with each room, and generation 
of a nurse identification signal in response to receipt of a pulse-coded signal from a nurse-worn badge. The I/O board 
controls the network associated with that patient room, i.e. the intra- room network. 

20 [0032] When a PATIENT call is generated at a station, the I/O board signals the hall unit to illuminate a display light 
designated for PATIENT calls. The call is also routed to the master station via the PBX, where it is categorized according 
to priority and then stored. Preferably, the master station continuously displays all received and stored calls, and these 
calls are routed for display at any of the patient stations upon request at the patient station. 

[0033] Similarly, the nurse location and identify information can also be retrieved for display at each patient station via 

25 operation of the control wheel and the display. 

[0034] This invention expands the operational capability of a patient/nurse call system to facilitate locating, prioritizing 
and responding to all types of hospital calls in a systematic way. Because of its simplicity in operation, this improved 
patient/nurse call system reduces the required amount of training time normally associated with learning a new com- 
munication system, in addition to reducing the stress level of nurses and staff on duty in a hospital wing. 

30 [0035] This improved patient/nurse call system provides generation, storage, retrieval and display of hospital calls, 
generation, storage, retrieval and display of nurse identity and location information, automatic display and cancelling of 
calls, an audio interconnection between any two stations, and multiple two way audio interconnections between station 
pairs. As a result, this invention reduces the overall hospital costs associated with installing and maintaining multiple 
systems with duplicative and/or overlapping capabilities, thereby resulting in a cost savings to the hospital. 

35 [0036] These and other features of the invention will be more readily understood in view of the following detailed 
description and the drawings. 

Brief Description of the Drawings 

40 [0037] 

Fig. 1 is a perspective view of a portion of a hospital room which illustrates one patient station in a patient room and 
the physical arrangement of some of the other components of a patient/nurse call system in accordance with this 
invention. 

45 Fig. 2 is a schematic which generally depicts the electrical interconnections among the components and stations 
of the patient/nurse call system of this invention. 

Fig. 3 is a schematic which depicts the electrical wiring for a semi-private patient room interconnected to the 
patient/nurse call system of this invention. 

Fig. 4 is a perspective view of a pulse transmitting badge for a patient/nurse call system constructed in accordance 
so with this invention. 

Fig. 5 is an electrical schematic of the badge shown in Fig. 4. 

Fig. 6 is a perspective view of the pillow unit for a patient/nurse call system in accordance with this invention. 
Fig. 7 is a perspective view of a patient station for a patient/nurse call system in accordance with this invention. 
Fig. 8 is a perspective view of a hall unit for a patient/nurse call system in accordance with this invention. 
55 Fig. 9 is a perspective view of a bath station or a shower station for a patient/nurse call system in accordance with 
this invention. 

Fig. 10 is a schematic plan view which depicts a patient hospital bed for a patient/nurse call system in accordance 
with this invention. 
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Fig. 1 1a is an electrical schematic which shows the electrical connections among the components of the hall unit 
for a patient/nurse call system in accordance with this invention. 

Fig. 11 b is an electrical schematic which shows electrical connections among components of the patient station for 
a patient/nurse call system in accordance with this invention. 
5 Fig. 1 1c is an electrical schematic which shows electrical connections among components of the bed receptacle 

controller for a patient/nurse call system in accordance with this invention. 

Fig. 12 is a perspective view of a master station for a patient/nurse call system in accordance with this invention. 
Fig. 13 is an electrical schematic of a portion of the master station for a patient/nurse call system in accordance 
with this invention. 

10 

Detailed Description of the Drawing s 
I. The Calls 

15 [0038] Before describing the detailed structure and operation of the patient/nurse call system of this invention, a 
review of the following table will familiarize the reader with the types of calls handled by the system and assist in under- 
standing the system. The table identifies the calls generated by the system and provides an indication of how these 
calls are generated. 

20 

TABLE 1 



CALLS 


PRIORITY 


GENERATED 


SMOKE ALARM device 


1 


automatically/input 


CODE BLUE 


2 


human operator/input device 


STAFF EMERGENCY 


3 


human operator/input device 


BATHROOM 


4 


human operator/input device 


SHOWER 


4 


human operator/input device 


PATIENT EQUIPMENT i.e. Bed Status etc. 


5 


automatically/input device 


CHAIR 


6 


human operator/input device 


PRIORITY PATIENT 


6 


human operator/input device 


PATIENT 


7 


human operator/input device 


STAFF 


8 


human operator/input device 



[0039] A SMOKE ALARM call indicates sensed smoke, representing a fire hazard. A CODE BLUE represents an 
40 immediate life-threatening condition with respect to a patient. A STAFF EMERGENCY represents an urgent need by 
one nurse or staff member for assistance from one or more other nurses or staff members. A BATHROOM call is gen- 
erated by a patient, and it indicates a higher pr iofity of need than a normal PATIENT uaii, due to the inor eased possibility 
of danger or the more urgent need for assistance while in the bathroom. A SHOWER call is similar to a BATHROOM 
call, but it is generated at a different location in the bathroom of the patient room, i.e. the shower stall. A PATIENT 
45 EQUIPMENT calls represents a malfunctioning component of the system, or a status signal related to a patient or bed 
monitoring apparatus. A CHAIR call is basically a patient call generated remotely, as by an I R transmitter. A PRIORITY 
PATIENT call indicates that the call originated from one patient who is a member of a preferred class of patients, for one 
reason or another. A PATIENT call indicates a normal or standard patient call to the system. A STAFF call indicated a 
non-urgent call placed by a nurse or staff member. 

50 

II. The Hardware 

[0040] Fig. 1 shows a physical layout of some of the components of a patient/nurse system 1 0 constructed in accord- 
ance with a preferred embodiment of the invention. A patient/nurse call system 10 of this invention organizes, stores, 
55 maintains and facilitates retrieval of the various calls placed in a hospital wing or ward, thereby optimizing communica- 
tion capabilities among nurses 1 1 and patients 12. 

[0041] More specifically, Fig. 1 shows a patient room 14 accessible from a hall 15 of the hospital wing, and a hospital 
bed 16 located in the room 14. While only one bed is shown, the invention contemplates semi-private patient rooms 14, 
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wherein two patient beds 16 are used. Additionally, if desired, the system 10 can be configured for more than two beds 
16 in a single room 14. A patient station 18 is mounted to a head wall of the patient room 14. 

[0042] The patient station 18 is connected by a hardwire connector 21 (not shown in Fig. 1) to a bed receptacle con- 
troller 20, with connector 21 located behind the head wall of the room 14. A pillow unit 22 connects via cable 23 to a bed 
outlet or plug 23p of the receptacle 20. Additionally, a first end of a bed cable 24 plugs into a bed outlet or plug 24p of 
the receptacle 20, and a second end of the cable 24 connects to a bed status controller (not shown) for the hospital bed 
1 6. Near outlet 20, cable 23 and cable 24 include switches 23s and 24s, respectively. These switches enable the cables 
23 and 24 to be unplugged without generating an equipment alarm call, referred to as a PATIENT EQUIPMENT call. 
Preferably, these switches are dual position for deactivating or activating an automatic alarm built into the outlet 20. The 
alarm is always activated unless the switch has been switched open. The alarm remains deactivated a predetermined 
number of seconds after switching, and then it reactivates. This automatic alarm for pillow units 22 is standard in many 
hospitals, and nurses 1 1 have come to instinctively pull the connector from the pillow unit 22 if they need help in a hurry. 
The switches 23s and 24s allow the system 1 0 to accommodate this common practice. 

[0043] Fig. 1 also shows a badge 26 worn by a nurse 1 1 . The badge 26 clips to the outside of clothing worn by the 
nurse 1 1 . The badge 26 transmits a pulse-coded signal, preferably infrared, which is received by a receiver 121 which 
is preferably located at the patient station 18, so that the system 10 can determine and continuously update locations 
of nurses 1 1 on duty within the hospital wing. 

[0044] Fig. 2 schematically illustrates electrical connections among hardware components according to a preferred 
embodiment of the system 10. More specifically, Fig. 2 shows a master station 32 which interconnects with all of the 
patient stations 18. At the master station 32, the system 10 stores location information about the nurses 1 1 , information 
about hospital calls, information about hospital beds in use, the status of the hospital beds in use, instructions on how 
to operate the system 10, and a number of other features. The master station 32 classifies and displays the hospital 
calls according to priority status and according to time received. When the calls are retrieved by the patient stations 18, 
they are retrieved in this same order. 

[0045] Structurally, the master station 32 includes a color LCD display 34, a video I/O card 36, a keyboard 40, a con- 
trol wheel 176, an acoustical speaker 178 and a handset 179 which interconnect with a master station console 38. The 
master station console 38 serves as the interface between these components and a master station personal computer 
43 which preferably includes memory, a hard drive (with at least 4M byte memory capacity), a floppy disc drive, parallel 
ports, serial ports and a power supply. A keyboard cable 45 interconnects the master station console 38 with a video 
adapter 47, preferably a Yamaha card. A coaxial cable 48 supplies electrical power to master console 38 and these 
components, and cable 48 interconnects the video interface 36 with the video adapter 47, via master station console 
38. Another electrical cable 50 interconnects the master station console 38 with a loader card 52 in the personal com- 
puter 43, and cable 50 includes two audio (2B+2D) channels in a single, eight conductor wire. The master station 32 is 
physically located at a staff station in the hospital wing, a nurse station of the hospital wing or a general office for the 
hospital wing. 

[0046] The personal computer 43 of the master station 32 interconnects via cables 56 and 58 to signal processing 
components of the system, which are preferably located within an equipment closet or cabinet 53 in the hospital wing. 
Cable 56 includes three audio (2B+2D) channels in a single, eight conductor wire, and cable 58 is an RS-232 line. The 
components located within the equipment cabinet 53 include a card cage 54 for locating power distribution cards (not 
shown) and an expandable private branch exchange (or "PBX") 60, which is preferably a component manufactured by 
Comdial Corporation of San Francisco, California under the trademark DXR 

[0047] Basically, this DXP is a voice/data switch, and it contains the necessary hardware and software to allocate 
point-to-point audio links and to distribute data in the form of messages from the master station 32 to the patient stations 
1 8, and vise versa. 

[0048] The master station 32 occupies three audio stations. A single DXP serving as the PBX 60 can connect five 1 5- 
channel cards, or seventy-seven patient stations plus the master station 32. Each power distribution card in the card 
cage 54 can connect a maximum of sixteen audio stations. An expanded PBX 60 and cabinet 53 can allow a total of 
one hundred and ninety-two audio stations or one hundred and eighty nine patient stations 18 plus one master station 
32 (which requires three audio lines). This expanded capability requires one PBX (type DXP) 60, a DXP expansion cab- 
inet (not shown) and twelve power distribution cards. Eventually, interconnection of additional master stations 32 could 
further expand the capability of the system 10. 

[0049] A power supply 62 supplies electrical power to the PBX 60. A power supply 64 and a battery backup 65 con- 
nect to card cage 54 and supply electrical power to the other components in the cabinet 53. 

[0050] An electrical cable 68 connects one of the power distribution cards of the card cage 54 to a patient room I/O 
board 70. Each hospital room 14 in the hospital wing includes an I/O board 70, and this I/O board 70 includes multiple 
connections and inputs for generating calls from the room 14. Figure 2 shows patient room 1 4a connected to card cage 
54 via cable 68a, and patient rooms 14b and 14c connected via cables 68b and 68c, respectively. 
[0051 ] The I/O board 70 and its interconnected components comprise the intra-room network. Communication among 
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components connected to I/O board 70 occurs over two wire, half duplex, multidrop EIA RS-485 standard, with mes- 
sage exchange being peer to peer. Any device on the intra-room network can send data to any other device without 
waiting for a poll. The intra-room network is not transformer isolated. 

[0052] Each patient station 18 interfaces with the PBX 60 over a two-wire twisted pair network (Motorola UDLT 
5 2B+2D), and messages are transmitted and received between the stations 1 8 and the PBX 60 over the D-channel. Mes- 
sages received by the PBX 60 from the patient stations 18 are transmitted to the master station PC 43, and messages 
received by patient stations 18 originate at the master station PC 43. Patient stations 18 cannot send messages directly 
to each other. A patient station 1 8 and/or the master station PC 43 can transmit a message at any time. At the master 
station PC 43, a COMDIAL-supplied library called the ENTERPRZ handles the interface with the PBX 60. All messages 
10 that the system 10 wishes to pass to a patient station 18 are converted to a form that the ENTERPRZ library can accept. 
The ENTERPRZ library has only one function, for passing messages to stations 18 on the network. This function can 
only accept 16 bytes of information at a time, and the bytes must be printable ASCII characters. The destination 
address is also passed as part of this function. The ENTERPRZ library then embeds this information into it's own link- 
level protocol, with it's own control information, including destination, address and checksum, etc., and sends it as a 
15 packet to the PBX 60. 

[0053] With respect to patient room 1 4a shown in Fig. 2, patient stations 1 8a and 1 8b connect to the I/O board 70 via 
cables 71a and 71b, respectively. Bed receptacles 20a and 20b connect to stations 18a and 18b via cables 21a and 
21b, respectively. Cable 24a interconnects a bed status controller 72a to the bed receptacle 20a, and cable 23a con- 
nects the pillow unit 22a to the bed receptacle 20a. Patient station 18b includes similar connections. 

20 [0054] Additionally, hall unit 28 connects to the I/O board 70 via connector 73. Bath, or bathroom, station 74 connects 
to I/O board 70 via connector 76. Shower station 78 connects to I/O board 70 via connector 79. Remote code station 
81 connects to I/O board 70 via connector 82. Remote staff station 84 connects to I/O board 70 via connector 85. 
[0055] Bath station 74, shower station 78, remote code station 81 and remote staff station 84 are adapted to be actu- 
ated to generate BATHROOM, SHOWER, CODE BLUE and STAFF calls, respectively, to the system 10 from patient 

25 room 14a. With respect to bathroom station 74 and shower station 78, the calls generated are assigned a higher priority 
than a normal patient call generated by the pillow speaker. This is due to the increased urgency associated with a 
patient's need for help when in the bathroom, and an even higher need for urgency when in the shower. Remote code 
station 81 generates a code blue call. Remote staff station 84 generates a staff call. Additionally, each of patient stations 
18a and 18b also permits generation of a CODE BLUE call and a STAFF EMERGENCY call. 

30 [0056] Additionally, Fig. 2 shows one of the nurse-worn badges 26 which communicates with the patient station 18a 
via infrared signaling. The system 10 may include a chair call device 86 which also communicates with the patient sta- 
tion 1 8 via pulsed infrared signaling. The chair call device 86 may be used by a patient 1 2 to generate a call, designated 
a CHAIR call, when he or she is away from the pillow unit 22. 

[0057] Fig. 3 is a schematic wiring diagram which shows the connections between the master station 32 and a patient 

35 room 1 4, but in somewhat more detail than Fig. 2. More specifically, Fig. 3 shows one of the power distribution cards 87 
housed within card cage 54 (Fig. 2). Each power distribution card 87 includes twenty one-channel ports 87a, five three- 
channel ports 87b, eight two-channel ports 87c, a data port 87d which connects to the PBX 60, and four parallel power 
ports 87e. Distribution card 87 also includes a plurality, preferably 20, one-amp fuses (not shown) with each fuse corre- 
sponding to one of the single channel parts 87a. Preferably, cable 56 connects the bottommost of the single channel 

40 ports 87a to the loader card 52. In this configuration, the two lowest two-channel ports 87c cannot be used. Moving 
upwardly from the bottommost of the one-channel ports 87a, the next three ports are designated loader, master voice, 
and master monitor. The uppermost of the one-channel ports 87a is designated as a booster port. 
[0058] The ports of the power distribution card 87 designate the addresses for the patient stations 18. Between the 
power distribution cards 87 and the various stations 18 within the room 14, i.e., the intra-room network, the call signals 

45 and nurse information signals do not include an address or a location signal. When calls are generated within the 
patient rooms 14, each call is routed to the distribution card 87 via the port designated for that specific station 18, and 
the signal is further conveyed from the power distribution card 87 to the master station 32, but with a signal address 
appended thereto by the PBX 60 to designate the specific station 18. Signalling between the PBX 60, the loader card 
52 and the master station 32 is via a serial data string on an RS-232 line, and each data string includes call information 

so (or nurse location information) combined with location information related to a particular patient station 18. The inter- 
connection between the loader card 52 and the bottommost of the single channel ports 87a is used to download soft- 
ware instructions from the master station 32 to the I/O boards 70 and the stations 18. This feature will be described in 
more detailed in a later section. 

[0059] As shown in Fig. 3, the I/O board 70 for a patient room 1 4 provides an interface between the power distribution 
55 cards 87 and the stations 18 and hall units 28. More specifically, each I/O board 70 includes a plurality of ports 70a, 
each of which may be connected via a cable 71 to a patient station 18. Additional output ports 70b are configured to be 
connectable to the hall unit 28 via a connector 73. Ports 70a or 70b may also be used for one or more additional stations 
such as a bath station 74, a shower station 78, remote code station 81 or remote staff station 84, depending upon the 



7 



E^0*^^^ P^-_8of2S 



EP 0 969 431 A1 

needs of the particular hospital wing. 

[0060] Fig. 4 is a perspective view of a transmitting badge 26 worn by nurses 1 1 assigned for duty within the hospital 
wing, in accordance with a preferred embodiment of the invention. The badge 26 includes a housing 90, which is pref- 
erably made of molded plastic, two light emitting diodes 92 for transmitting pulse-coded infrared signals, and a spring 
5 biased clip 94 which enables the badge 26 to be clipped to the clothing of the nurse 1 1 . The badge 26 weights about 
one ounce and it is approximately 2.75" x 1.25" x 0.5". The badge 26 transmits a pulse-coded, modulated infrared 
packet every six to eight seconds. The pulses are of fixed length and fixed amplitude. 

[0061] Fig. 5 is an electrical circuit schematic which shows the components and interconnections among the compo- 
nents of the badge 26, which preferably transmits pulsed-coded infrared signals(« 940 nm wavelength). According to 
io the invention, a pulse or lack of a pulse within a prescribed time slot represents either a logic 1 or a logic 0. A pulse 
(logic 1) comprises several cycles of a 36kHz signal. Each packet comprises 27 total bits, including a start bit, 13 data 
bits and 13 inverted data bits. Transmission of the same 13 data bits but in inverted condition insures integrity of the 
packet. If desired, additional start bits may be used. 

[0062] Use of 13 data bits allows for 8,192 unique code numbers. Some of the code numbers may be reserved for 
15 future applications, while a number of the code numbers are dedicated solely for the purpose of nurse identification. 
The 13 data bits which identify the particular badge 26 are preferably stored internally in an EPROM located in the 
badge 26. 

[0063] The following table identifies internal components of the badge 26 which applicant has used successfully. 

20 

TABLE II 



MANUFACTURER 


MODEL# 


ITEM 


DESIGNATION # 


Microchip 


PIC16C54 


Microcontroller 


95 


Sanyo 


CR2450 


Battery 


96 


Siemens 


SFH409-3 


IR LEDs (2) 


92 


Motorola 


MTD3055EL 


FET 


97 


Illinois Cap. 


470uF6VDC 


Transistor (3) 


98 


National 


2N2222 


Transistor 


99 


Murata Erie 


2Mhz 


Resonator 


100 



35 [0064] These components are mounted on a printed board, which may be a PCB made by DSI. 

[0065] The microcontroller 95 has a power saving mode (about 14 microamps) that is referred to as "sleep". During 
sleep, a watchdog timer continues to run and will "wake up" the microcontroller 95 after approximately two seconds. 
Since the badge 26 transmits the signal approximately every six seconds, there is a sleep count register initially set to 
two spaces. Each time the microcontroller 95 "wakes up", it checks the sleep count register to determine if six seconds 

40 have expired. If six seconds have not expired, the microcontroller 95 decrements the sleep count and goes back to 
sleep. If six seconds have expired, i.e., the sleep count is zero, and the microcontroller 95 reads the 26 bits of internal 
memory that contain the encoded identification number, initially, the start or parity bit is clocked out and is then followed 
by the 26 data bits. The microcontroller 95 generates the 36kHz carrier and the timing for each bit. The field effect tran- 
sistor 97 and the transistor 99 drive the two LEDs 92 which emit the infrared signal packet. After a packet has been sent, 

45 the sleep count is reinitialized and the microcontroller 95 goes back to sleep. If it is desired to transmit from the badge 
26 less frequently, perhaps every eight seconds, the sleep count register is initially set to three spaces. 
[0066] The battery 96 for the badge 26 is designed to operate continuously for four months. The particular battery 96 
chosen for this badge 26 requires an industrial grade (500mAh +) CR-2450, due to its power capabilities. 
[0067] The chair call 86 can be made by modifying the circuitry of the badge 26 to include an OFF/ON switch so that 

so transmission is not continuous, and by programming a different code, i.e., a CHAIR call, into an EPROM housed 
therein. 

[0068] Fig. 6 shows a perspective view of a pillow unit 22. The pillow unit 22 operatively connects to outlet 20 via con- 
nector 23. The pillow unit 22 includes a molded plastic housing 1 03, acoustical speaker 1 04 and a nurse call button 1 05. 
Depression of nurse call button 105 generates a patient call from the respective patient station 18. Preferably, the pillow 
55 unit 22 further includes a television on/off power button 106, channel selectors 107 and light switches 108. Additional 
controls may include light dim switches and television volume controls. These signals may be transmitted along con- 
ductors routed within connector 23, or they may be IR signals. 

[0069] Fig. 7 shows a perspective view of the patient station 18. The patient station includes a molded housing 112 
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which connects to the head wall, preferably by screws. An audio speaker 1 1 4 resides on the left side of the housing 112. 
Pushbutton 1 1 5 generates a staff emergency call, and pushbutton 116 cancels the call. Control wheel 1 1 7 operates in 
conjunction with a display 1 18 to control retrieval of information from the master station 32 for display at the patient sta- 
tion 18. Preferably, the display 1 18 is a two-line by sixteen character LCD display. 

[0070] More specifically, display 18 includes a curser which points to one of three designations, STATION, STAFF, 
WAITING CALL. Rotation of the control wheel 1 1 7 moves the curser between these three designations. With the curser 
pointing at one of the designations, depression of the control wheel 1 1 7 selects the function represented by that desig- 
nation. If WAITING CALL is selected, the patient station 18 displays the unanswered calls stored in the system 10 at 
the master station 32. Because of the limited amount of space on display 118, the user must rotate control wheel 117 
to scroll the waiting calls. If STAFF is selected, the display 1 1 8 visually indicates all staff presently on duty in the hospital 
wing, plus the current, stored location information for the nurses 1 1 derived from the badges 26. If STATION is selected, 
a STAFF call is initiated. 

[0071 ] The user interface for the patient station 1 8 is menu driven, and this interface is more fully explained in Section 
III, entitled "Operation". 

[0072] The patient station 18 further includes a receiver 121 adapted to receive the pulse-coded signals transmitted 
from the badges 26 and thereby generate location signals for nurses 1 1 wearing the badges 26. If desired, the housing 
1 12 may also include one or more LEDs 122 which indicate one or more of the following conditions, a call placed from 
the station 18, audio channel open to the station 18 or receipt of an IR signal from a badge 26. 
[0073] The microcontroller connected to the receiver 121 performs three tasks. It receives, decodes and validates 
pulsed signals from the badges 26. It maintains the status of the identification signals generated in response to receipt 
of the IR signals, and communicates the status information to the other components of the intra-room network for the 
particular station 18, namely, one of the indicator lights on housing 112, the indicator lights 126 or 127 at hall unit 128, 
and input/output board 70. 

[0074] Upon initial receipt of a signal from a badge 26, a microcontroller of the receiver 121 starts a bit timer (after 
delaying for one half of a valid bit width). After the bit timer expires, the receiver 121 samples the signal from the front 
end. If the signal is HIGH, the bit is a 1 , if the signal is LOW, the bit is 0. Sampling continues for all consecutive bits. The 
microcontroller must receive a thirteen bit string which is matched by a subsequent thirteen bit string, but inverted, for 
the packet to be valid. If a start bit is received but no data or invalid data is received, receiver 121 considers this to be 
noise or a "packet collisions" between other badges 26 and no signals are validated. 

[0075] For each valid identification signal received, a separate timer keeps track of its presence. Each time an existing 
identification signal is received, the timer for that signal is reset to zero. If the timer reaches thirteen seconds without 
receiving a subsequent signal, i.e., two consecutive transmissions if transmission occurs every six seconds, the system 
10 assumes that the nurse 1 1 wearing that badge 26 has left the room 14, and that particular identification signal is 
deleted from the table. If there is at least one identification signal registered for a room 14, and an invalid packet is 
received, the software for the receiver 121 assumes that the received invalid signal was an attempt to update the table. 
As a result, for each of the identification signals in the table, the timer is set to zero as if a valid packet has been 
received. However, this may only happen once before another valid signal is received. Otherwise, receiver 121 deletes 
the identification signal from the table. Thus, normal operation requires that the nurse 11 be out of the room 14 for a 
maximum of thirteen seconds before "checking the nurse out" i.e., deleting him or her from the table, or upon receipt of 
the nurse's signal at another station, whichever occurs first. 

[0076] The top of housing 112 includes a lever 120 for generating a CODE BLUE CALL. Preferably, this lever 120 
requires two separate movements, or movements in two distinct directions, to reset. A CODE BLUE call cannot be can- 
celled. 

[0077] The design and arrangement of the components of the patient station 18 facilitates nurse 11 interaction with 
this patient/nurse call system 10. Use of nurse locating badges 26 in combination with the display 1 18 and the control 
wheel 1 17 optimizes information flow and verbal exchanges among nurses 1 1 on duty within a hospital wing. Thus, the 
system 10 utilizes nurse locator badges 26 to help nurses 1 1 become more efficient in their duties, rather than simply 
monitoring their whereabouts. Although the receiver 121 is mounted within housing 1 12 of a patient station 18, it may 
be physically removed therefrom and placed in a more convenient location for detecting signals from the badges 26, if 
desired. The receiver 121 is preferably an infrared receiver, (such as a Siemens Model Number SFH-506-36), which 
provides automatic gain control, band pass filtering, demodulation and wave shaping. Thus, the output of receiver 121 
may be routed directly to an interrupt input of a microcontroller (not shown) for the patient room 14. The receiver 121 
maintains a table of all badges 26 located in the room 14. When a badge exits a room 14, the receiver 121 adjusts the 
table and informs the system 10 of the change. Because this table is maintained locally, i.e., at the locator receiver, only 
changes in the table are signaled to the station 18 and the rest of the system 10. 

[0078] Fig. 8 shows a hall unit 28 located outside each patient room 1 4 in the hospital wing. The hall unit 28 includes 
a molded housing 124, which includes a base or mounting plate 125 and a protruding section 128 which includes indi- 
cator lights 126 and 127 for indicating when patient calls have been generated at patient stations 18a and 18b, respec- 
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tively, and an indicating light 132 which illuminates upon generation of a CODE BLUE call, a STAFF EMERGENCY call, 
a BATHROOM call or a SHOWER call. Preferably, indicating light 132 flashes according to one of a number of different 
predetermined patterns or sequences, with each pattern dedicated one of these "higher priority" calls. Additionally, an 
audible alarm may also sound to indicate one of these higher priority calls. 

[0079] An indicating light 130 illuminates when a signal from a badge 26 has been received by the receiver 121. Pref- 
erably, upon receipt by the receiver 121 of an infrared signal from a badge 26, the patient station 18 automatically can- 
cels any PATIENT call placed from that particular station 18. This cancels illumination of indicating light 126 or 127, 
depending upon the particular station 18. Thus, nurse presence in the room 14 is indicated via illumination of an indi- 
cating light 130 located in the hall 15 and/or another indicating light mounted to housing 1 12 at the station 18. 
[0080] Additionally, each of the lights of the hall units 28 may include a test button which, when depressed, actuates 
the lights, thereby to indicate to nurses that the hall unit 28 is operating correctly. Alternatively, an LED associated with 
each light of the hall unit may activate upon sensing a burnt out condition. If desired, this signal may also be conveyed 
to the master station 32. Fig. 9 shows a bathroom station 74. Preferably, the station 74 includes a housing 134, a pull 
bar 135 and a slide 136 connected to the pull bar 135. A patient's pulling of the pull bar 135 will initiate a BATHROOM 
call, or a SHOWER CALL. The station 74 may also include a pushbutton 137 for cancelling the call. 
[0081] Fig. 10 shows a hospital bed 16 interconnected with the patient/nurse call system 10 of this invention. The bed 
16 includes a headboard 140, a footboard 141 , head siderails 143, foot siderails 144 and a mattress having head and 
foot ends 146 and 148, respectively. The mattress may be covered intermediate ends 146 and 148 by an incontinence 
detection pad 147. The mattress preferably can be inflatable and can be raised, lowered or anchored. Bed 16 also 
includes a plurality of sensors which sense conditions in the bed 16. These conditions may include, but are not limited 
to, ground fault, bed down, brake not set, bed power, head or foot end raised 30° or higher for longer than a prescribed 
time, mattress excessive air loss, bed exit armed, bed exited, head or foot siderails latched or incontinence detected, 
as disclosed in applicant's co-pending U.S. Patent Application Serial No. 08/145,767, filed on 10-29-93, entitled Incon- 
tinence Detection Device, which is expressly incorporated by reference herein in its entirety. 

[0082] All of the bed status sensors generate signals which are fed to a bed control unit 149. This control unit 149 
may include visual displays for indicating the status of the bed 16 at the footboard 141. In accordance with this inven- 
tion, the bed control unit 1 49 also connects, via cable 24, to the bed outlet 20, and the bed status signals are transmitted 
to master station 32 for storage and subsequent retrieval. An operator at the master station 32 may determine the status 
of each of the bed conditions and react accordingly, if necessary. 

[0083] Preferably, each bed 16 also has a serial number assigned thereto during manufacture. This serial number 
may be read from the bed 16 to the master station 10 so that the system 10 can keep track of the location and amount 
of use for each bed 16, and/or maintenance performed or needed over the useful life. 

[0084] Fig. 11A shows electrical connections for components of I/O board 70. More specifically, the I/O board 70 
includes a receptacle 150 which interconnects with the PBX 60. RJ45 Receptacles 151a, 151b and 151c are adapted 
to be connected with inputs from patient station 1 8a, 1 8b and 1 8c, respectively (for a room with three stations). An addi- 
tional receptacle 151d is reserved for a spare room bus. If a patient room 14 only includes two stations 18, the recep- 
tacle 151c would serve as an additional spare. 

[0085] The I/O board 70 further includes a microcontroller 152 and additional RJ45 receptacles 151e, 151f, 151g, 
151h, 151 i and 151 j for interconnection with the hall unit, an additional CODE BLUE station, a BATHROOM, (or TOI- 
LET) station, the SHOWER station, the STAFF EMERGENCY station and the SMOKE ALARM station, respectively. In 
conjunction with a transceiver 153, the microcontroller 152 communicates with the stations 18a, 18b and 18c to control 
operation of lamp drivers 154 which control actuation of the lights, 126, 127, 130 and 132 at the hail unit 28. 
[0086] Fig. 11A also shows that a CODE BLUE receptacle 151f, the BATHROOM receptacle 151g, the SHOWER 
receptacle 151h and the STAFF EMERGENCY receptacle 1 51 i also interconnect with hall unit receptacle 151e and 
LED drivers 155. This permits actuation of light 132 at the hall unit 28 upon generation of a CODE BLUE call, a BATH- 
ROOM call, a SHOWER call or a STAFF EMERGENCY call, respectively from the patient room 14. The microcontroller 
152 and LED drivers 155 control operation of light 132 so that it flashes according to a predetermined sequence which 
is unique to the type of "higher priority" call which has been generated. 

[0087] Thus, a nurse 1 1 in the hallway 15 may readily determine which of these "higher priority" calls has been gen- 
erated from the room 14. In addition to flashing of light 132 according to a predetermined sequence which corresponds 
to the high priority call that has been generated, an audible alarm may also be sounded, with the sounds actuated 
according to tone and/or sequence in a predetermined manner, thus enabling a nurse 1 1 to audibly identify which type 
of high priority call has been generated from the room 14. 

[0088] Fig. 1 1 B shows the electrical interconnections at each of the patient stations 18. Operations at the patient sta- 
tion 18 are controlled by a microcontroller 162 which communicates with other components of the I/O board 70 via a 
transceiver 163. Preferably, the microcontroller 162 is an Intel 87C52, and the transceiver 163 is a Linear Tech LEC485. 
Microcontroller 162 of the patient station 18 controls operation of the inputs and the outputs mounted to housing 1 12. 
Patient station 1 8 also includes a random access memory designated 1 64, and a micromonitor 1 65, which is preferably 
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a Dallas DS1232. 

[0089] Fig. 12 shows a perspective view of a master station 32 for the patient/nurse call system 10 of this invention. 
The master station 32 includes a display 34, which is preferably a color liquid crystal display, a retractable keyboard 40 
which slides underneath the control panel 174, a rotatable control wheel 176 which mounts to the panel 174 and an 

5 audio speaker 178 which also mounts to the panel 174. Master station 32 also includes a handset 179. 

[0090] With calls displayed on display 34, lifting the handset 179 initiates an audio link with the patient station 1 8 which 
generates the highest priority call stored at the master station 32. If the control wheel 1 76 is rotated to "highlight" a dif- 
ferent call, and the control wheel is then depressed, a two way audio link is established with the patient station 1 8 which 
generated the "highlighted" call. 

io [0091] Fig. 13 shows electrical interconnections among the non-video components at the master station 32. Block 
184 designates the control logic for controlling operations at the master station 32. This includes a programmable 
microcontroller, an EPROM, a RAM, and customized ASIC which, together, control overall operation of the system 10. 
This control logic interfaces with a pair of transformers 1 88 mounted on the loader card 52. The microcontroller 1 86 fur- 
ther connects to a hook switch 190, a handset 179 and microphone 180 via an audio ringing code filter 192, two audio 

15 speakers 1 78 via a second audio ringing code filter 1 94, an analog/multiplex switch 1 95 and an audio amplifier 1 96. Vol- 
ume control 198 enables an operator at the master station 32 to control volume of the speaker 178 with a microphone 
180. 



20 



I. Operation 



[0092] At startup, the operational software which actually controls the patient station 18 is dynamically downloaded 
from the master station 32. This allows software updates and modifications to be implemented without having to change 
a PROM in the patient stations 18. All patient stations 18 have a small program called the LOADER which is perma- 
nently stored in the 8K of program space on the 8752 microprocessor that serves as the CPU for each station. The main 

25 function of the LOADER program is to receive the downloaded operational software, which is stored in the 64K of RAM 
space of the patient station 18 as it is received. When the download is complete, the LOADER program first performs 
a checksum test to determine if the downloaded software is error-free, and if so, then switches the processors^ pro- 
gram execution area to RAM, thereby beginning execution of the downloaded program. This allows for the running of a 
much larger program than could fit into the 8752's on-chip program area. Currently, the RAM executable program area 

30 is configured to be approximately 48K in size, with an additional 1 6K of RAM reserved for data space. 

[0093] Three hardware/software components are involved in the download process (in addition to the PBX 60), as 
well as three data channels. The hardware/software components are the patient station 18, the loader card 52 and the 
master station PC 43. The data channels are the D-channel, the B-channel, and the RS-232 serial data link. The loader 
card 52 resides in the master station PC 43 and communicates therewith over the RS-232 link. It also communicates 

35 with the PBX 60. To the PBX 60, it looks like just another patient station 18. The binary image of the software to be 
downloaded to the patient station 18 is first transmitted to the loader card 52 over the serial data link. The loader card 
52, upon receipt of the appropriate command from the master station PC 43, then transmits the binary image of the sta- 
tion software over the B-channel, which operates normally as the audio channel and which is much faster than the D- 
channel. The D-channel is used by all three components for synchronization and control. The loader card 52 commu- 

40 nicates with the master station PC 43 over a serial data link. Actually, the loader card 52 looks like a serial adapter card 
to the master station PC 43 and is configured to communicate with the master station PC 43 over the MS-DOS COM4 
channel at 19.2k baud, with 8 data bits, no parity bits, and 1 stop bit. 

[0094] When the application software for the system 1 0 boots up on the master station PC 43, it looks for a file called 
"SEND.BIN" in the default directory. This file is a binary image of the downloadable station software. It is transmitted to 
45 the loader card 52 in 256 byte blocks, plus a relatively small header block at the start. This transmission is essentially 
performed in the background, so that the system 10 can perform other functions at the same time. The downloading to 
the loader card 52 usually takes about 30 seconds. 

[0095] When the loader card 52 receives the last block, it calculates an EXCLUSIVE-OR sum and a normal sum of a 
data received and compares the 2 sums with the 2 received checksums. If they match, it sends back an ASCII 'O' fol- 
so lowed by an ASCII 'OR' to the software of the master station 32. This constitutes an acknowledgement and the master 
station 32 considers the loader card 52 ready to download to the patient stations 18. The loader card 52 now has the 
binary image. 

[0096] In the downloading process, the D-channel is used for synchronization and control, as well as for requests and 
responses. When a patient station 1 8 is first powered up, it performs a test to determine if it has downloaded software 
55 present (RAM is kept electrically charged for a few hours when there is no power to the station 18, so the station 18 
software in RAM can be retained with no power) and performs a checksum test to determine if the software is valid. If 
so, the station 18 begins running the software in RAM. If it has no software in RAM or determines that the software is 
invalid, it begins sending 'download request' messages over the D-channel, to the master station 32. By default, these 
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requests are sent once every 60 seconds. When the software at the master station 32 receives a request, if it is not cur- 
rently waiting for a download to another station 18 to complete, it initiates the download process by sending a 'prepare 
for download' message to the station 18 and then sending a 'begin download' message to the loader card 52. It then 
opens a special voice channel between the station 18 and the loader card 52 to transmit the binary data from the loader 
card 52 to the patient station 18. 

[0097] When the station 18 receives a 'prepare for download' message it sets a timer allowing about 15 seconds for 
completion of the downloading. If the station 18 receives the complete download, it resets the timer, and then performs 
a checksum test on the downloaded software which it now has sorted in RAM. If the test passes, the station 18 sends 
back a D-channel download successful response' message to the software of the master station 32, and the station 18 
switches execution to the software in RAM. If the checksum test fails or if the station 18 timed out, it sends back a 'down- 
load response' message with an error code and subsequently resumes sending 'download request' messages until 
downloading succeeds. 

[0098] The B-channel is normally used for audio communication in this system 10. Audio is converted to digital signals 
and then transformed by the PBX 60, resulting in a difference between the digital signal transmitted on the B-channel 
by one station 18 and the digital signal arriving at a destination station 18. In the downloading process, the B-channel 
is used to transmit a binary image from the loader card 52 to the station 18 being downloaded to, because data can be 
transmitted much faster over the B-channel than the D-channel. The B-channel can transmit 64000 bits per second, 
whereas the D-channel can effectively transmit only about 2000 bits per second. 

[0099] However, to use the B-channel to transmit data, no PBX processing can be performed on the signal. So when 
an audio channel is opened between the loader card 52 and the patient station 18 to be downloaded to, the system 10 
must essentially tell the DXP 60 to pass the digital audio signal through without processing it. 

[0100] Also, when the station 18 receives the D-channel 'prepare for download' message, it sets itself up to tempo- 
rarily route the incoming audio bits to a LOADER software download routine, instead of to the speaker, which is where 
audio is normally routed. 

[0101] The protocol used for the transmission of the audio data from the loader card 52 to the patient station 18 is 
similar in some respects to the transmission of the data from the master station PC 43 to the loader card 52 over the 
serial channel. There is a header sent before the rest of the data and the actual binary image software data is transmit- 
ted 256 bytes at a time. 

[0102] There the similarity ends. Part of the difference is due to the nature of the transmission medium. The serial 
channel is asynchronous, meaning that at any given moment, a serial byte may be in the process of being transmitted, 
but for long periods the serial channel may be idle. The audio channel, on the other hand, is synchronous, and is essen- 
tially never idle. This results in a higher possibility for error and loss of synchronization. Therefore, a special preamble 
is used to help insure that each patient station 18 recognizes the start of the header block, and another preamble is 
used for each 256 byte data block. Also, each data block has a checksum appended to it, which incorporates the load- 
ing address for that block. Finally, if the patient station 18 determines that the header block or a subsequent data block 
has errors in it because the block checksum test failed, it sends a "no acknowledgement" message to the loader card 
52, and that block is retransmitted. A block may be retransmitted a maximum of six times before the process fails. 
[0103] One of ordinary skill in the art will appreciate that the system to described can be programmably controlled to 
add or remove additional features to suit the needs of the particular hospital wing in which it is used. For instance, the 
"nurse follower" mode can be used by assigning one or more patients to a nurse on duty, storing the location of the 
nurse and then automatically indicating to the nurse, wherever he or she is located, that a call has been initiated by one 
of the assigned patients. This automatic indication may also include the initiation of a two-way audio link. As a variation 
of "nurse follower", emergency or highest priority calls may be forwarded to all nurses on duty. 

[0104] Operational interfaces for interacting with the system 1 0 at the master station 32 and at the patient stations 1 8, 
respectively, may be established or created in accordance with the needs or specifications of the facility. More specifi- 
cally, particulars of the operational interface will determine what appears on displays 34 and 118 at the master station 
32 and the patient station 18, respectively, and how these displays change via selective rotation and depression of the 
control wheels 1 76 and 117. 

[0105] While a preferred embodiment of a patient/nurse call system 10 in accordance with this invention has been 
described, it is to be understood that the functional and operational capabilities of the system 10 can be varied widely 
to suit the particular needs of a hospital in which it is used, or even a facility other than a hospital, wherein similar com- 
munication capabilities are desired. For instance, the particular coding and prioritizing of hospital calls may be varied, 
along with storage and retrieval of the calls and nurse location and identification information. Moreover, the manner of 
interfacing with the stored information at either the master station 32 or any of the patient stations 1 8 may also be mod- 
ified, all without departing from the spirit and the scope of the invention as claimed hereafter. 
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Claims 

1 . A patient/nurse call system for a hospital comprising: 

5 a plurality of transmitters, each transmitter adapted to periodically transmit a pulse-coded infrared signal; 

a plurality of patient stations, each patient station being located in a patient room in the hospital and including 
a receiver to receive and validate a pulse-coded infrared signal from any of the transmitters and generate a cor- 
responding transmitters identification signal; 

a signal processor operatively connected to the patient stations to receive each of the transmitter identification 
io signals and to generate a signal pair comprising the transmitter identification signal and a respective location 

identification signal, the location identification signal being representative of the location of the patient station 
which received the transmitter identification signal; 

a master station operatively connected to the signal processor and adapted to receive and store the signal 
pairs in a memory so that at any time the signal pairs can be retrieved from memory to determine the locations 
15 of the transmitter; and 

a recorder operatively connected to the master station for generating reports on the locations of the transmit- 
ters over an extended period of time, whereby the master station continues to store each transmitter at a loca- 
tion which corresponds to the last received and validated pulse-coded signals from that transmitter, until a 
subsequent pulse-coded signal from that transmitter is received and validated at a different patient station. 

20 

2. A patient/nurse call system for a hospital wing comprising: 

a master station with memory means for storing data; 

a plurality of patient stations located in patient rooms in the hospital wing, the patient stations operatively con- 
25 nected to the master station; 

each patient station including a plurality of call initiation means for generating a plurality of hospital calls, the 
patient stations adapted to relay each of the generated hospital calls to the memory means of the master sta- 
tion for storage thereat; and 

a plurality of transmitting badges, each badge adapted to be worn by a nurse and to transmit a unique pulse- 
30 coded infrared signal; 

each patient station further including a receiver adapted to receive an infrared signal from any of the badges 
and in response, to generate a corresponding identification signal; 

means for associating the identification signal with a location signal corresponding to the location of the patient 
station from which it is received, thereby to form a signal pair, and for conveying the signal pair to the memory 

35 means of the master station; and 

a plurality of hall units, each hall unit associated with a patient room of the hospital wing and mounted in a hall- 
way of the hospital wing adjacent the doorway of said respective patient room, the hall unit operatively con- 
nected to each patient station located in the respective patient room; and 
each hall unit further including, 

40 first means for visually indicating that a PATIENT call was generated from within the patient room, and 

second means for visually indicating the presence of a nurse in the patient room in response to receipt of an 
infrared signal from a nurse-worn badge. 

3. The nurse/call system of claims 1 or 2 wherein the hall unit automatically cancels the first visually indicating means 
45 upon actuation of the second visually indicating means. 

4. The patient/nurse call system of claims 1 or 2 wherein the retrieving and displaying means at each of the patient 
stations provides for viewing of the generated calls in the order of priority established at the master station. 

so 5. The system of claims 1 or 2 wherein each patient station further includes a control to initiate a retrieval of the stored 
signal pairs from the master station, thereby disseminating transmitter identity and location identity information to 
any patient station upon a request from said any patient station. 

6. The system of claim 5 wherein the control includes a selector and retrieves stored signal pairs in response to an 
55 operator selecting a reference to the patient stations. 

7. The system of claim 5 wherein the control includes a selector and retrieves stored signal pairs in response to an 
operator selecting a reference to the nurses. 
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8. The system of claim 5 wherein the control further comprises 

a rotatable and depressible control wheel mounted to the housing adjacent the display, the control wheel being 
rotated to designate one of a plurality of functions shown on the display and depressible to select the one of 
5 the functions. 

9. The system of claims 1 or 2 wherein each patient station further comprises: 

a hospital bed monitoring unit connected to a hospital bed in the respective hospital room, the monitoring unit 
io adapted to sense at least one bed condition and to generate a bed condition signal in response thereto; and 

input means for operatively connecting the bed monitoring unit to the system at the respective patient station, 
thereby to relay to the memory of the master station the bed condition signals associated with the respective 
sensed bed conditions so that an operator at the master station may retrieve and display the bed condition sig- 
nals from memory. 
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